Background/Objective: Developing tailored and effective food safety education for young adults is critical given their future roles as caregivers likely to be preparing food for populations who may be at greater risk for foodborne disease (FBD). The objective of this study was to examine the relationship between food safety self-reported food-handling behaviors and cognitions of young adults to observed food-handling behaviors. Subjects/Methods: Participants were 153 young adults (mean age 20.74 ± 1.30 s.d.) attending a major American university. Each prepared a meal under observation in a controlled laboratory setting, permitted researchers to observe their home kitchen and completed an online survey assessing food safety knowledge, behavior and psychosocial measures. Descriptive statistics were generated for participants' self-reported food-handling behaviors, psychosocial characteristics, knowledge, food preparation observations and home kitchen observations. Determinants of compliance with safe food-handling procedures while preparing a meal and home food storage/rotation practices were identified using backward regression models. Results: Participants engaged in less than half of the recommended safe food-handling practices evaluated and correctly answered only two-thirds of the food safety knowledge items. They reported positive food safety beliefs and high food safety self-efficacy. Self-reported compliance with cross-contamination prevention, disinfection procedures and knowledge of groups at greatest risk for FBD were the best measures for predicting compliance with established safe food-handling practices. Conclusion: Food safety education directed toward young adults should focus on increasing awareness of FBD and knowledge of proper cross-contamination prevention procedures to help promote better compliance with actual safe food handling.
Introduction
Recent reports of foodborne disease (FBD) outbreaks from contaminated spinach and peanut butter in the United States remind us of the continuing risk for FBD even in societies with advanced food systems (California Food Emergency Response Team, 2007; Huffman, 2007) . The Centers for Disease Control and Prevention recorded more than 6600 FBD outbreaks in the United States between 1998 and 2002 (Lynch et al., 2006) . Greater than 128 000 people fell ill due to these outbreaks (Lynch et al., 2006) and some research suggests that this number may be underestimated due to lack of public awareness about the symptoms of FBD and the frequency with which such disease goes unreported (Helms et al., 2003; Lynch et al., 2006) . Increasing awareness of FBD through targeted food safety education is needed.
Although a national survey of household main-meal preparers in the United States reported that virtually all (that is, 98%) believed that they played a role in safe food-handling practices (American Dietetic Association Foundation and Conagra Foundation, 1999) , little is known about how the food safety knowledge and beliefs of Americans affect food-handling practices, and subsequently, risk for FBD. Data from several surveys, including the 1998 Food and Drug Administration/Food Safety Inspection Service's consumer food safety survey (Food Safety and Inspection Service and US Department of Agriculture, 1998c) and the Behavioral Risk Factor Surveillance System (Food Safety and Inspection Service and US Department of Agriculture, 1998a; Yang et al., 1998a, b; Altekruse et al., 1999) indicate that food-handling problems are more acute in some consumer groups than in others. Specifically, young adults (ages 18-29) and individuals with education beyond high school (Williamson et al., 1992; Fein et al., 1995; Klontz et al., 1995; Food Safety and Inspection Service and US Department of Agriculture, 1998b; Altekruse et al., 1999; Patil et al., 2005; McArthur et al., 2007) are more likely to engage in risky food handling than others. At first glance, the risky food-handling behaviors of this consumer group do not appear particularly worrisome because, with the exception of pregnant and lactating women, young adults typically are not considered to be 'at risk' for FBD. However, the importance of their foodhandling behaviors becomes more apparent when we consider their current and/or future roles as caregivers for household members and the large numbers that work in food service establishments (Department of Labor, 2000) . In both situations, young adults are or will be responsible for the safe food handling of food intended for others, many of whom may be at increased risk for FBD (for example, infants, young children, elderly).
With a few exceptions, the target audience of many food safety education programs has been very broadly defined as 'all' or 'typical' American consumers which leads to the same message being presented to everyone regardless of sociodemographic differences. Marketing experts tell us that educational programs and materials directed to 'everyone' actually meet the needs of few (Viscusi et al., 1986; Contento et al., 1995; McMahon, 1996; Bruhn, 1997; Food and Drug Administration, US Department of Agriculture, US Environmental Protection Agency, and Centers for Disease Control and Prevention, 1997; Food Safety and Inspection Service and US Department of Agriculture, 1998b). Food safety education is most likely to be effective if the messages are tailored to the needs of a specific audience (Nayga, 1996; Altekruse et al., 1999; Medeiros et al., 2001) . To facilitate the creation of effective food safety education programs that improve food-handling practices, this study expands upon previous evaluation of the selfreported food-handling practices and cognitions in a nationwide sample of young adults (Byrd-Bredbenner et al., 2007a, b, c, d, e) . In this analysis, a subgroup of young adults was observed to assess their actual food-handling behaviors thereby permitting the comparison of observed foodhandling practices with self-reported food-handling behaviors and cognitions.
Materials/subjects and methods

Sample
Young adults attending a major American university were recruited via official university student email listservs and advertisements placed in the campus newspaper. The advertisements described the time commitment involved in the three required activities: (1) prepare a meal under observation in a controlled laboratory setting, (2) permit researchers to observe the kitchen in their current living situation and (3) complete an online survey; and payment for the time spent participating. Recruitment materials indicated that this was a food study without mention of food safety. Interested participants completed a brief online screening questionnaire that was used to identify those meeting all eligibility requirements: age 18-26 years, did not hold a sanitation certification, lived in a single-family-type dwelling (for example, apartment, house) with a kitchen readily accessible, had good or excellent health, were not at increased risk of FBD and lived within 25 miles of campus.
A total of 1228 individuals completed the brief online screener questionnaire. Of these, 432 (35%) met the criteria for participation as described above and were invited via email to sign up for scheduled study participation times. The primary reason young adults were ineligible for participation was lack of access to the kitchen in their dwelling. A total of 167 individuals accepted the invitation and scheduled a time to begin the study. Of these, 153 honored their appointment time, completed the home kitchen audit and completed the online survey during the 7-month study period.
This study was approved by the authors' institutional review boards. All study participants signed informed consent forms prior to participation in the study.
Instruments
Data were collected using three instruments, described in detail elsewhere (Byrd-Bredbenner et al., 2007a, b, d, e) . Sample items are shown in Table 1 . In brief, trained observers used a food preparation observation instrument to assess how closely participants followed safe food-handling procedures while preparing a meal (Byrd-Bredbenner et al., 2007b) . This food preparation observation instrument contained five criterion-referenced scales assessing food-handling practices consistent with the Partnership for Food Safety Education's Fight Bac! food safety recommendations: (1) clean hands, produce and cutting boards, (b) separate dirty from clean and raw poultry from produce to be served raw, (c) cook foods to safe temperatures and (d) chill promptly/thaw properly (Partnership for Food Safety Education, 1998) and prevent cross-contamination. A total of 10% (n ¼ 16) of the foodhandling observations of participants were independently double coded at random by two trained researchers and showed an interrater reliability of 90%.
A criterion-referenced home kitchen observation checklist was used by trained home kitchen auditors to assess compliance of home food storage and rotation practices (for example, time, temperature), sanitation and chemical storage and general kitchen condition (for example, pest infestation, maintenance, plumbing) with recommended practices (Byrd-Bredbenner et al., 2007a) . This home kitchen instrument contained seven scales: (1) kitchen cleanliness, (2) appliance cleanliness, (3) cleaning supplies availability, (4) temperatures (food thermometer access and refrigerator/ freezer temperatures), (5) cold food storage, (6) dry food storage and (7) poisons storage. Refrigerator/Freezer Temperatures were measured using a thermocouple (ThermoWorks, Thermapen thermometer, range À50 to 5721F; Alpine, UT, USA). A total of 10% (n ¼ 15) of the home kitchen audits were independently double coded at random by two trained auditors with an interrater reliability of 0.95.
Lastly, a multipart questionnaire, administered as part of a larger online survey of young adults (n ¼ 4343), was used to investigate self-reported food-handling behaviors (ByrdBredbenner et al., 2007c) , psychosocial factors (that is, beliefs and self-efficacy; Byrd-Bredbenner et al., 2007e) and food safety knowledge (Byrd-Bredbenner et al., 2007d) . The selfreported food-handling portion of the questionnaire had two sections: best practices and risky food consumption (Byrd-Bredbenner et al., 2007c) . The best practices section examined self-reported food-handling behaviors related to practices for preventing cross-contamination; disinfecting and cleaning practices; thermometer use and cooking, reheating and storage temperatures; and food storage practices. The risky food consumption questionnaire examined the risky foods (for example, raw oysters, rare beef) participants ate. Best practices and risky food consumption questionnaire reliabilities, as assessed by Cronbach's a coefficients, were 0.65 and 0.76, respectively.
The psychosocial portion of the questionnaire assessed four psychosocial aspects of food safety: beliefs, self-efficacy, locus of control and stage of change (Byrd-Bredbenner et al., 2007e) . The beliefs instrument had five Likert-type scales: (1) interest in learning about avoiding food poisoning, (2) Risky food consumption (27) I eat: raw oysters, clams or mussels; rare hamburger; raw homemade cookie dough or cake batter; sushi 0-27 5.4 ± 3.6 20
Psychosocial measures
Food safety beliefs Interest in learning about avoiding food poisoning (5) I am interested in finding out how to avoid food poisoning.
1-5 3.7±0.7 74
Cleanliness/sanitation is important (5) It is important to me that the foods I eat are prepared in a sanitary way.
1-5 3.7 ± 0.6 74
Food poisoning susceptibility (3) I have a chance of getting food poisoning. 1-5 4.5 ± 0.5 90 Food poisoning is a threat in US (8) Few Americans ever get food poisoning.
1-5 3.9 ± 0.5 78
Food poisoning is a personal threat (6) Food poisoning is not currently a big threat to my health.
1-5 3.0±0.8 60
Food safety self-efficacy (24) If only I eat food prepared in a sanitary manner, I can keep from getting food poisoning. Luck plays a big part in determining how soon I will recover from an illness like food poisoning.
1-5 4.1 ± 0.5 82 Knowledge 0-89 57.6 ± 9.6 65 Cross-contamination prevention and disinfection procedures (9) After you have used a cutting board to slice raw meat, chicken or fish and need to cut other foods, which of these is the best way to prevent food poisoning? 0-29 18.3 ± 3.2 63
Safe times/temperatures for cooking/ storing food (14) Which method is the most accurate way of determining whether hamburgers are cooked enough to prevent food poisoning? 0-14 9.3±2.5 66
Food safety cognitions and self-reported practices JM Abbot et al cleanliness/sanitation is important, (3) food poisoning susceptibility, (4) food poisoning is a threat in United States and (5) food poisoning is a personal threat, which had Cronbach's a coefficients of 0.86, 0.81, 0.76, 0.87 and 0.87, respectively. Food safety self-efficacy (that is, confidence in one's ability to perform recommended food-handling behaviors or abstain from unhealthy food safety behaviors) was assessed with a Likert-type questionnaire having a Cronbach's a coefficient of 0.93. The locus of control questionnaire was used to determine whether the participant's locus of control for food safety was predominantly internal, external or neither (that is, internal and external were equal). Stage of change, a construct of the Transtheoretical model (Prochaska et al., 2002) , was assessed with a single item to determine whether participants were in a preaction stage (that is, precontemplation, contemplation, preparation) or action stage (for example, action, and maintenance) with regard to the food safety practices they use when preparing food.
The knowledge portion of the questionnaire contained five scales: (1) cross-contamination prevention and disinfection procedures, (2) safe times/temperatures for cooking/storing food, (3) groups at greatest risk for FBD, (4) foods that increase risk of FBD and (5) common food sources of FBD pathogens (Byrd-Bredbenner et al., 2007d) . The Livingston's coefficient for criterion-referenced tests (Livingston, 1972; Berk, 1986; Coscarelli and Shrock, 2002) for the knowledge measure was 0.92.
Data analysis
Statistical analyses were completed using SPSS version 15.0 (SPSS, Version 14.0, Chicago, IL, 2006). Descriptive statistics, including means and standard deviations, were calculated to describe the demographic characteristics of the study population and their self-reported food-handling behaviors, psychosocial characteristics, knowledge, food preparation observations and home kitchen observations. To examine To adjust for behaviors that did not apply to certain participants (e.g., handling, purchasing and/or storing animal protein), a participant's score on each scale was computed by summing the points earned for a 'best practice' reported for each applicable behavior, dividing this sum by the number of behaviors that applied to the participant, and multiplying the result by 100.
determinants of food-handling procedures while preparing and storing foods (including rotation practices), backward regression models were constructed. Stable models were generated for the sample size using only the independent variables that were found to have, via correlations (Pearson's or Spearman's, depending on distribution normalcy), t-tests or analyses of variance, a P-value of 0.10 or less in relationship with dependent variables. For the regression calculations, exclusion criterion was set at P40.10 to avoid eliminating marginally significant variables early in the regression that may have become significant later in the analysis due to a particular relationship to the remaining variables. Scores of the five food preparation observation scales and seven home kitchen observation scales served as the dependent variables in separate models. Independent variables included in models were best practices scale scores, risky food consumption score, beliefs scale scores, selfefficacy score, predominant locus of control, stage of change, knowledge scale scores and demographic characteristics (gender, race, age, year in college, whether they had held a job as a food server or preparer and prior food safety instruction (for example, those having completed at least one food science, nutrition or microbiology college course vs those not having completed a course of this type)).
Results
The study participants had a mean age of 20.74±1.30 s.d. (range 18-26) years and were from a wide array of college majors with no major predominating. The majority were female participants (56%), white participants (67%), never married (97%) and juniors or seniors (85%). Most reported preparing 1-10 meals every week (78%), had never held a job serving (60%) or preparing (79%) food, and had never completed a college course in nutrition, food science, or microbiology (86%). During the past year, the majority did not believe they or a household member had had food poisoning (86%) and had not changed their eating behavior in response to a publicized food poisoning outbreak. Nearly everyone self-rated their food safety knowledge level and food safety skill (food poisoning prevention) level as at least fair (95 and 91%, respectively). Study participants were primarily in the preaction (precontemplation, contemplation or preparation) stage of change for safe food handling (78%) and the predominant locus of control for safe food handling was internal (65%).
The mean scores for food safety behaviors, beliefs, selfefficacy, knowledge and observations are presented in Table 1 . Mean best practices scale scores were poor, with study participants reporting they engage in less than half of the recommended safe food-handling practices evaluated by this instrument. For example, only 39% of young adults reported washing their hands with soap and water all the time before they began preparing food (this measure was a part of the food preparation observation clean score). Young adults tended to eat few risky foods, have positive food safety beliefs and high self-efficacy mean scores. Overall, participants correctly answered two-thirds of the food safety knowledge items. They were most knowledgeable about foods that increase risk for FBD and least knowledgeable about common food sources of FBD pathogens. So while they may know that eating ground beef can increase their risk for FBD they were less knowledgeable that the pathogen Escherichia coli could be the culprit causing this FBD.
Food preparation observation mean scores were suboptimal, with the highest mean compliance score recorded for the 'separate' scale (67%) and lowest for the Cook scale (29%) of total. Specifically, two-thirds of the participants kept raw animal protein separated from ready-to-eat food; whereas, 97% did not use a thermometer to determine that the animal protein was cooked to a safe temperature. On the positive side, three home kitchen observation mean scale scores exceeded 81% compliance: kitchen facilities cleanliness (for example, most kitchen surfaces were clean to touch and sight), dry food storage (for example, most dry foods were stored in a clean, cool, dry location and their packages were in good condition) and poisons storage (for example, poisonous substances were stored in a safe manner, away from food). In contrast, the temperatures mean scale score was especially low (for example, mean refrigerator temperature was higher than 401F, few young adults had a food thermometer) with participants complying with only 9% of the recommended safe practices. Few significant differences in mean scores for best practices, risky food consumption, beliefs, self-efficacy, knowledge or observations were noted among demographic groups.
Regression models including any one of the home kitchen observation scales as the dependent variable generated r 2 values too low (ranging from 0.02 to 0.10) to warrant further discussion. In contrast, the regression models for the food preparation observation scales revealed stronger, albeit still fairly low, r 2 values, ranging from 0.17 to 0.20. As can be seen in Table 2 , the knowledge scale of Groups at greatest risk of foodborne disease and cross-contamination prevention selfreport behavior scale tended to be significant predictors of actual food preparation behaviors. Having had prior food safety instruction (that is, completion of at least one food safety, nutrition, or microbiology course) predicted actual behaviors related to Clean and Chill. All other independent variables, not mentioned above, were removed (P40.10) during backward stepwise regression before the final model was produced.
Discussion
Although the research exploring safe food handling among young adults is limited, existing literature indicates that this population engages in unsafe food-handling practices (Unklesbay et al. , 1998; Bowman, 1999; Morrone and Rathbun, 2003; Haapala and Probart, 2004; McArthur et al., 2007) and lacks vital food safety knowledge (Unklesbay et al., 1998; Endres et al., 2001; McArthur et al., 2007) . This study supports the findings of other studies which also reported that college students have limited food safety knowledge and have suboptimal compliance with safe food-handling practices, such as failure to follow hand-washing recommendations and use food thermometers (Bowman, 1999; McArthur et al., 2007) . The observed suboptimal food-handling behaviors and low food safety knowledge is not unique to young adults. Video surveillance indicates unsafe foodhandling behaviors are common among adults in their own homes (Jay et al., 1999; Anderson et al., 2004) . The findings from this study support a recent metaanalysis that concluded while consumers may possess some food safety knowledge; this does not necessarily translate into safe food-handling practices (Patil et al., 2005) . For instance, young adults in this study were observed performing only 25% of recommended hand-washing practices, despite reporting that they perform half of these practices and correctly answering nearly three-quarters of the knowledge questions related to hand washing. Similarly, McArthur et al. (2007) reported that 90% of young adults indicated that they often/always washed their hands with soap and running water before handling food, but less than a third knew how long they should wash their hands after handling raw meat.
The young adults in this study reported complying with less than half of the best practices for safe food handling. Unklesbay et al. (1998) also found that young adults report not following safe food-handling practices and, for the most part, felt that it was more the responsibility of the external environment (for example, health department, restaurants) to exert efforts to ensure that food is safe than individual responsibility. Although the participants in the study reported here had a predominantly internal locus of control for safe food handling (that is, they felt that protecting themselves from foodborne illness was a personal responsibility) and had high levels of food safety self-efficacy, their observed food-handling practices do not indicate that these health-promoting cognitions are translated into actually performing safe food-handling practices. This finding contrasts sharply with previous research indicating that an internal locus of control and high self-efficacy is associated with the performance of a wide array of health protective behaviors ranging from nutrition and weight control to exercise and safe sex (Ratzan et al., 1994; Dennis and Goldberg, 1996; Rodgers and Brawley, 1996; AbuSabha and Achterberg, 1997 ). It appears that young adults may not have the adequate knowledge base or motivation to apply the knowledge they do have to handle food safely. Regardless, the positive cognitions related to food safety reported by these young adults could indicate a population ready and willing to respond to food safety education efforts.
Identifying factors that can lead to, or predict, safe foodhanding compliance then becomes a vital consideration for researchers exploring how to identify effective means of increasing food safety knowledge and safe food-handling behaviors among young adults. Regression model results indicate that two measures help predict compliance with established safe food-handling practices: self-reported compliance with prevention of cross-contamination and disinfection procedures and knowledge of groups at greatest risk for FBD. Young adults reporting more compliance with practices supportive of preventing foodborne pathogen cross-contamination and optimal disinfection procedures were observed complying more closely with the Partnership for Food Safety Education's Fight Bac! food safety recommendations for Clean, Separate, Cook, and Chill (Partnership for Food Safety Education, 1998), as well as for the study-created measure of compliance with overall cross-contamination prevention practices. Higher knowledge of groups at greatest risk for FBD predicted better compliance with all safe foodhandling recommendations, except for Cook.
The low P-values for the significant predictor variables in the regression models present as a limitation of this analysis; Overall the findings from this exploratory analysis strengthen the assessment that young adults lack optimal food safety knowledge, behavior and skill, and regression model results highlight two important considerations for the future of food safety education in this population. First, educational efforts focused on increasing knowledge of both overall foodborne illness awareness and correct cross-contamination prevention procedures could translate into better compliance with actual safe food-handling practices. Second, using these two measures as part of a baseline assessment could provide valuable information for evaluating where individuals fall on the continuum of food safety behaviors. This screening method could help educators focus their efforts more effectively by tailoring intensity and message topics to meet the needs of their specific audience.
